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Abstract 

Background: Understanding swine influenza virus (SIV) ecology has become more and more important from both 
the pig industry and public health points of views. However, the mechanism whereby SIV occurs in pig farms is 
not well understood. The purpose of this study was to develop a proper strategy for SIV surveillance. 

Findings: We conducted longitudinal monitoring in 6 farrow-to-finish farms in the central region of Thailand from 
2008 to 2009. Nasal swabs and serum samples were collected periodically from clinically healthy pigs consisting of 
sows, fattening pigs, weaned piglets and pigs transferred from other farms. A total of 731 nasal swabs were 
subjected to virus isolation and 641 serum samples were subjected to detection of SIV antibodies against H1 and 
H3 subtypes using the hemagglutination inhibition test and ELISA. Twelve SIVs were isolated in this study and 
eleven were from piglets aged 4 and 8 weeks. Phylogenetical analysis revealed that SIVs isolated from different 
farms shared a common ancestor. Antibodies against SIVs were detected in fattening pigs on farms with no SIV 
isolation in the respective periods studied. These observations suggested that piglets aged 8 weeks or younger 
could be a main target for SIV isolation. Farm-to-farm transmission was suggested for farms where pigs from other 
farms are introduced periodically. In addition, antibodies against SIVs detected in fattening pigs could be a marker 
for SIV infection in a farm. 

Conclusions: The present study provided important information on SIV surveillance that will enable better 
understanding of SIV ecology in farrow-to-finish farms. 
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Background 

Swine influenza virus (SIV) is one of the pathogens that 
cause respiratory diseases accompanied with coughing 
and sneezing in pigs [1]. This virus is considered an 
important pathogen not only from the viewpoint of ani- 
mal health but also from that of public health [1-3]. Pigs 
can play the role of a 'mixing vessel' producing a novel 
influenza virus by genetic reassortment [4] as they have 
dual susceptibility to both human and avian influenza 
viruses [5]. Both receptors, namely, the sialic acid linked 
to galactose by an a.2,6 linkage (SAa2,6Gal) for human 
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viruses and an SAa2,3Gal for avian viruses, are 
expressed on epithelial cells of the tracheal and pulmon- 
ary structures of pigs [6,7]. The segmented nature of 
genomes of influenza A viruses allows the exchange of 
the gene segments when a pig is infected simultaneously 
with various viruses. 

A novel H1N1 virus, later designated as a pandemic 
(H1N1) 2009 (HINlpdm) virus, was first identified in 
April 2009 when it caused the first influenza pandemic 
in humans in the 21st century [8]. Origin of the NA and 
M gene segments of HINlpdmv was found to be from 
an Eurasian avian-like H1N1 SIV while the remaining 6 
segments were from a triple reassortant HI SIV mainly 
circulating in North American swine [8]. Since it was 
discovered that HINlpdmv is a reassortant between the 
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two SIVs above, SIVs have attracted much attention 
from researchers worldwide. 

Ecology of SIVs is highly complicated due to multiple 
genetic reassortments, although three subtypes H1N1, 
H1N2 and H3N2 are dominant in swine populations [1]. 
Avian-like H1N1 SIVs originally circulating among Eur- 
opean pig populations have been found in China [9]. 
Triple reassortant H1N2 and H3N2 SIVs possessing 
genes from avian, human and swine viruses were found 
not only in North America [10,11] but also in South 
Korea [12] and Hong Kong [9]. World-wide dissemina- 
tion of SIVs is considered to be linked with the trans- 
portation of breeding pigs. In addition, transmission of 
the HINlpdmv from humans to domesticated animals, 
such as pigs in Argentina, South Korea and Canada 
[13-15], turkeys in Canada and Chile [16,17] and so on, 
has been demonstrated. Thus, viruses can generate 
novel genetic combinations that could arise anywhere in 
the world. A reassortant virus between HINlpdmv and 
other SIVs has already been found in pig populations in 
Hong Kong at 9 months after the emergence of 
HINlpdmv [9]. In such a situation, SIV control in a pig 
farm is crucial to prevent further genetic reassortment 
events in pigs that may trigger other pandemics in 
humans. 

The pig industry in Thailand has been expanding 
rapidly as one of the major livestock industries since the 
1970s [18]. Our previous study revealed that H1N1, 
H1N2 and H3N2 of SIVs circulated in Thailand from 
2000 to 2005, and had acquired genetic diversity due to 
multiple introductions of classic swine, Eurasian avian- 
like swine and human viruses [19]. In addition, trans- 
mission of human viruses to pig [19] or vice versa [20] 
was also suggested. However, ecology and the preva- 
lence of SIVs in the Thai pig population have not been 
well characterized. Here, we carried out longitudinal 
monitoring in farrow-to-finish farms in three provinces 
in the central region of Thailand from 2008 to 2009. Six 
farms consisting of two small family-operated farms, 
one middle sized farm and three large sized commercial 
farms were monitored. Both nasal swabs and serum 
samples were collected periodically from 4 different pig 
groups, namely, sow, fattening pigs, weaned piglets and 
pigs newly introduced into the farm. Virological and ser- 
ological analyses in this study provided significant infor- 
mation needed to establish a strategy for SIV 
monitoring in farrow-to-finish farms. 

Materials and methods 

Collection of samples and epidemiological information 

Forty nasal swabs were collected from 20 sows aged 
from 1 to 2 years, 10 fattening pigs aged 12 weeks and 
10 weaned piglets aged 9 weeks in Farm A in January 
2008. Five farms, B, C, D, E and F, were visited 



periodically to collect nasal swabs and blood samples 
three or more times from June 2008 to November 2009 
(Table 1). Both samples were taken from 8 to 20 pigs in 
each of at least 3 different groups from farms B-F. Each 
group consisted of sows aged at least one year, fattening 
pigs aged from 3 to 4 months, and weaned piglets aged 
from 4 to 10 weeks. Specimens were also collected from 
pigs transferred from other farms to Farm B, C or E at 
the age of 8 weeks to 1 year since January 2009. Only 
nasal swabs were collected in Farm A in January 2008 
and in Farm D in June 2008. Ten blood samples and 
twenty nasal swabs were collected from 20 pigs intro- 
duced in Farm B in September and November 2009. 
The sample size for each group allowed the detection of 
at least one positive pig at 95% confidence limits if the 
prevalence in each group exceeded 20-30% [21]. Epide- 
miological information of each farm was obtained by 
interviewing the farmers as listed in Table 1. 

Virus isolation and phylogenetical analysis 

All the nasal swabs were subjected to virus isolation at 
the National Institute of Animal Health (NIAH), Thai- 
land as described previously [22]. Briefly, nasal swabs 
collected were immediately placed into a 15-ml tube 
containing 2 ml transport medium (MEM containing 
Penicillin (1000 unit/ml), Streptomycin (1000 ug/ml), 
Fungizone (25 ug/ml), 0.01 M HEPES and 0.5% bovine 
serum albumin). After centrifugation for 10 min at 2500 
rpm, they were aliquoted. One portion was inoculated 
onto the monolayer of MDCK cells after filtering with a 
0.45 um pore size filter (Millipore, MA, USA). After 
viral adsorption to the cells, growth medium contain- 
ingl ug/ml of acetylated trypsin rather than fetal calf 
serum was added. If neither cytopathogenic effect nor 
HA activity with 1% guinea pig red blood cells was 
observed at 4 days after inoculation, the collected super- 
natant was inoculated in MDCK cells once more. 
Another portion including the nasal swab was subjected 
to viral RNA extraction using an RNeasy mini kit (Qia- 
gen, Hilden, Germany), followed by RT-PCR using pri- 
mers specific to either NP [23] or M [24] genes of the 
type A influenza virus. Subtypes were identified by the 
PCR method using specific primers designed in a pre- 
vious study [19]. 

Direct sequencing of the PCR products and phyloge- 
netic analysis of the viruses isolated in this study were 
carried out as described previously [19]. 

Serological analysis 

Serum was obtained from the collected blood samples 
by centrifugation for 10 min at 3500 rpm. All of the 
serum samples were subjected to the hemagglutination 
inhibition (HI) test and ELISA. Antigens used for the HI 
tests were A/swine/Ratchaburi/NIAH550/2003 (H1N1; 
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Table 1 Information on farrow-to-finish farms surveyed in this study 



Farm 


A 


B 


C 


D 


E 


F 


Sampling date 


2008/1 /29 d 


2008/6/9, 10/1, 2009/1/14, 7/1,11/18 


2008/6/23, 

in/1 3 innn / 
1 0/ I 3, 20U9/ 

1/16, 7/2, 11/ 

20 


2008/6/1 6 d , 
u/6, zuuy/ 
1/15, 7/3, 
11/19 


2008/7/4, 11/ 
1 5, zuuy/ 1 /o 


2008/11/10, 
2uuy/ i/y, 

7/10 


Province 


Ratchaburi 


Saraburi 


Saraburi 


Saraburi 


Singburi 


Singburi 


Number of pigs 3 : 
Sow 


4000 


2200 


1100 


120 


20 


20 


Boar 


100 


12 


30 


30 


I 


1 


Fattening 


6000 


12000 


4900 


160 


60 


60 


Piglet b 


6000 


5700 


2900 


200 


40 


70 


Purchase 
(Introduction of 
pigs from other 
farm or company) 


A few pigs every few years 


rigiei io[ jjieeuing \o wk uiuj. zu zj/ 
week 


DUdl. 1 Z/ 

month Gilt 
(5,6-month- 
old): 50/week 


20 boBrs in 
2004 


A few boars 
and sows in 
2006, Three 
sows in 2009 


A few sows 
in 2003, 
One boar 
in 2005 


Purchased from: 


Domestic farm 


Domestic farm 


Domestic 
farm 


Denmark 


Domestic farm 


Domestic 
farm 


Shower-in facilities 
for car/human 


Yes/Yes 


Yes/Yes 


Yes/No 


No/No 


No/No 


No/No 


Presence of other 
domestic animals 


Dog, cat 


Dog 


No 


No 


Cattle, dog, cat, 
crocodile 


Chicken, 
dog 


Period (age; week-old) for c : 


suckling stage 


0-3 


0-3 


0-4 


0-4 


0-3 


0-4(6) 


weaning stage 


3-9 


3-8 


4-11 


4-8 


3-6 


4(6)-8 


fattening stage 


9-24 


8-24 


11-24 


8-24 


6-24 


8-24 


Vaccination for: 


Aujeszky's disease (AD), 
Foot and Mouth disease 
(FMD), Parvo virus (PV), 
Swine fever (SF) 


AD, Atrophic rhinitis (AR), FMD, 
Porcine reproductive and respiratory 
syndrome (PRRS), Porcine circovirus 
(PCV), Mycoplasma 


AD, FMD, 
PRRS, PV, SF, 
Leptospirosis 


FMD, PV, SF 


AD, PRRS, SF, 
Mycoplasma 


SF 



a Averaged numbers throughout our surveillance 

b 'Piglet' was defined as a group of pigs in suckling and weaning stages 
Production system for rearing piglets 
d Serum were not collected 



Cla), A/swine/Ratchaburi/NIAH101942/2008 (H1N1; 
Clb), A/swine/Saraburi/NIAH107725-28/2008 (H3N2; 
Ha), and A/swine/Chachoengsao/2003 (H3N2; Hb) [19] 
and A/swine/Iowa/15/1930 (H1N1; Iowa), A/swine/Sara- 
buri/NIAH116627-24/2009 (HINlpdm) (Table 2). 
Serum samples for the HI test were treated overnight 
with receptor-destroying enzyme (RDE) from Vibrio 
Cholerae (Denka Seiken Co., Ltd., Tokyo, Japan) to 
remove any non-specific inhibitors of hemagglutination, 
and were then inactivated at 56°C for 30 min. Next, the 
serum samples were absorbed with packed chicken red 
blood cells for 60 min at room temperature. A cut off 
value of 1:40 was adopted to avoid false-positive cases 
due to non-specific reactions in the HI tests. Commer- 
cial ELISA kits (The HerdChek Swine Influenza H1N1 
Antibody Test Kit and HerdChek Swine Influenza 
H3N2 Antibody Test Kit, IDEXX LABORATORIES, 
Inc., Maine, USA) were used to detect antibodies against 
'classical' HI and 'human-like' H3 SIV HAs according to 
the manufacturer's instructions. 



Nucleotide sequence accession numbers 

The sequences determined in this study are available 
from GenBank under accession numbers AB620160- 
AB620211. 

Results 

Epidemiological observations of the farms surveyed 

A total of 731 nasal swabs and 641 serum samples were 
collected from six farms in the Ratchaburi, Saraburi and 
Singburi provinces in the central region of Thailand 
(Figure 1). All specimens were collected from clinically 
healthy pigs without influenza-like symptoms. There 
had been no movement of pigs between the farms inves- 
tigated. Distance to the nearest pig farm from Farm A 
was 200 meters and that from Farm B was approxi- 
mately 5 km. Owners of Farms C, D, E and F claimed 
that no pig farm existed in their vicinity. Total numbers 
of pigs in each farm on average ranged from 121 to 
20,000. All of the farms visited were farrow-to-finish 
operated with pigs that are bred and fattened in each 
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Table 2 Swine influenza viruses isolated throughout the surveillance 



Virrus 


subtype 


farm 


isolated from (age): 


Sampling date 






Gene constellation 3 
















HA 


NA 


nn n noi nA nit 

PB2 PdI PA IVi 


NP 


NS 


A/swine/Katchaburi/NIAHl 01 94z72(J(Jo 


HI N1 


A 


Fattening pig (12-wks) 


201)8/1/29 


Lib 


A I 

Ala 


U A 1 A 1 U A 1 U 

Ala Ala Alb Alb 


Ala 


Ala 


A/swine/baraburi/NIAH 1 00/6 1 -22/z009 




















A/swine/baraburi/NIAHl 00/61 -/3/z009 


HI N1 


B 


Weaned piglet (4-wks) 


i/vin /i /1 a 

2009/1/14 












A/swine/barabun/NIAHl 00/6 1 -26/z009 




















A/Qwinp/^rahi iri/MI AH 1 1669^-1 1 /900Q 
A/ bvvlMc/JdldUUII/l\IAni I OOZJ I I / ZUU:? 




















A/swine/Saraburi/NIAH1 16625-1 2/2009 b 




















A/swine/Saraburi/NIAH1 16625-1 3/2009 b 


H1N1 


B 


Weaned piglet (8-wks) 


2009/11/18 












A/swine/Saraburi/NIAHl 16625-1 6/2009 b 




















A/swine/Saraburi/NIAH1 16625-1 7/2009 b 




















A/swine/Saraburi/NIAH107725-28/2008 


H3N2 


B 


Weaned piglet (4-wks) 


2008/6/9 


Ha 


Ha 


Ala Ala 


Cla 


Cla 


A/swine/Saraburi/NIAH10971 3-36/2009 


H3N2 


B 


Introduced pig (8-wks) 


2009/7/1 


Ha 


Ha 


Ala Ala 


Cla 


Cla 


A/swine/Saraburi/NI AH 116627-24/2009 


H1N1 


D 


Weaned piglet (8-wks) 


2009/11/15 






H1N1pdm origin c 







a Phylogenetic origins that are differrent from A/swine/Ratchaburi/NIAH101942/2008 are shown. Abbreviations are according to Takemae et al., (2008). CI, AL and 
H stand for classical swine, avian-like swine and human origins, respectively. The small characters 'a' and 'b' after the origins show different clusters 
b Phylogenetical origins of internal genes were determined by partial sequences 

C AII of genes of A/swine/Saraburi/NIAHl 16627-24/2009 were derived from pandemic (H1N1) 2009 (HINIpdm) viruses 



few years while Farm B introduces 20-25 female breed- 
ing pigs at the age of 8 weeks every week, and Farm C 
about 50 pigs at the age of 5 to 6-months every week. 
The pigs are kept in quarantine piggeries for approxi- 
mately 3 or 4 months in Farms B and C. After the 
absence of clinical signs is confirmed, they are moved to 
the breeding piggery for farrow. Farm D purchased 20 
boars in 2004 from Denmark. Farms A and B had 
shower-in facilities for the entry of both cars and 
humans into the farms, and Farm C had such facilities 
for cars only. Domesticated animals other than pigs 
were kept on Farms A, B, E and F. Most of the piggeries 
in the farms were open or half-open providing easy 
access to wild birds and animals. In Farm B, porcine 
reproductive and respiratory syndrome (PRRS) occurred 
in piglets in the nursery house one week prior to the 
sampling on November 18, 2009. There was no report 
of respiratory diseases in pigs other than the incident in 
Farm B throughout the period of our monitoring. Vacci- 
nation was given as shown in Table 1 and that against 
swine influenza was not used in the farms investigated. 

Virus isolation 

Twelve viruses consisting of 10 H1N1 SIVs and 2 H3N2 
SIVs were isolated from 731 swabs collected (Table 2). 
Total virus isolation rate was 1.6% (4.2% in piglets aged 
from 3 to 5 weeks, 4.2% in piglets aged from 6 to 10 
weeks, 0.5% in fattening pigs aged from 12 to 16 weeks, 
0% in pigs aged more than 18 weeks) (Figure 2). Pigs 
proven to be infected with SIVs by virus isolation were 
4 to 12 weeks old. All of the nasal swabs yielding viruses 
in MDCK cells were positive by conventional PCR with 
influenza specific primers (NP or M). Viruses were 



farm (Table 1). Pigs born in each farm are moved at 
least three times during their lifetime. Piglets were 
weaned from sows at 3 to 4 weeks old, and the weaning 
stage at the nursery house was until they were 6 to 11 
weeks old (Table 1). After the fattening stage, they were 
sent to the slaughter houses at approximately 24 weeks 
old. Sows and newly introduced gilts were of Yorkshire- 
Landrace crosses, on the other hand, boars were Duroc 
in all of the farms. Farms A, B and C introduced pigs 
from domestic farms periodically, whereas D, E and F 
seldom did. Farm A introduces a few pigs as sows every 




Figure 1 Geographical location of the provinces where the 
surveillance was conducted in this study 
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Age 



Figure 2 Age distribution of the numbers of nasal swabs 
collected and isolation rate of swine influenza viruses. Bar 

graph shows the numbers of nasal swabs collected in this study. 
Solid line shows the isolation rate of swine influenza viruses. 



isolated after 3-4 days incubation following the inocula- 
tion of each swab except one. The excluded swab 
required a second passage in MDCK and the virus titer 
in the original swab was 10° 8 TCIDgo/ml, which was the 
lowest TCID 50 /ml of the swabs that yielded viruses in 
this study. 

Nine out of 10 H1N1 viruses isolated throughout the 
study appeared to share a common ancestor with the 
Thai SIVs identified in our previous study [19]. A/ 
swine/Ratchaburi/NIAH101942/2008 (H1N1) 
(Ratl01942) was isolated from a 12-week old fattening 
pig in Farm A [22]. Three H1N1 SIVs, designated as A/ 
swine Saraburi/NIAH100761-22/2009 (H1N1) 
(Saral00761-22), A/swine/Saraburi/NIAH100761-23/ 
2009 (H1N1), and A/swine/Saraburi/NIAH100761-26/ 
2009 (H1N1), were isolated from 4-week-old weaned 
piglets kept in the same compartment on January 
14,2009 in Farm B (Table 2). Five H1N1 SIVs were also 
isolated in Farm B from 8-week-old weaned piglets on 
November 18, 2009. They were designated as A/swine/ 
Saraburi/NIAH116625-ll/2009 (H1N1) (Sarall6625- 
11), A/swine/Saraburi/NIAH116625-12/2009 (H1N1), A/ 
swine/Saraburi/NIAH116625-13/2009 (H1N1), A/swine/ 
Saraburi/NIAH116625-16/2009 (H1N1), and A/swine/ 
Saraburi/NIAH116625-17/2009 (H1N1). Ratl01942 
shared more than 98.2% and 97.6% nucleotide identities 
with Saral00761-22 and Sarall6625-ll in each seg- 
ment, respectively. Saral00761-22 and Sarall625-ll 
shared more than 99.4% nucleotide identities in all of 
the eight gene segments. Based on the phylogenetic ana- 
lyses of all gene segments, the gene constellation was 
similar to those of Thai SIVs isolated from 2004 to 2005 



and represented by A/swine/Chonburi/NIAH589/2005 
(H1N1) and A/swine/Chachoengsao/NIAH587/2005 
(H1N1) in our previous study [19] (Additional file 1: 
Supplementary Figures S1-S3). HA genes of the current 
isolates belonged to the Clb cluster of the classical 
swine lineage (Additional file 1: Supplementary Figure 

51) , while PA (Additional file 1: Supplementary Figure 

52) and M genes to the ALb cluster and NA, PB2, PB1, 
NP and NS (Additional file 1: Supplementary Figure S3) 
genes belonged to ALa within the Eurasian avian-like 
swine lineage (Table 2). A/swine/Saraburi/NIAH116627- 
24/2009 (H1N1) (Sarall6627-24) was isolated in Farm 
D from a weaned piglet at the age of 8 weeks (Table 2). 
Sequencing analysis confirmed that all of the eight gene 
segments of Saral 16627-24 originated from HINlpdmv 
(Table 2). 

Two H3N2 SIVs, A/swine/Saraburi/NIAH107725-28/ 
2008 (H3N2) (Saral07725-28) and A/swine/Saraburi/ 
NIAH109713-36/2009 (H3N2) (Saral09713-36), were 
isolated from Farm B. Saral07725-28 was isolated from 
a weaned piglet at the age of 4 weeks on June 9, 2008. 
Saral09713-36 was isolated from an 8-week-old intro- 
duced piglet on July 1, 2009. They shared high nucleo- 
tide homologies of more than 96.7% in each segment 
and their gene constellations were similar and identical 
with that of A/swine/Ratchaburi/NIAH874/05 (H3N2), 
reported elsewhere [19] (Additional file 1: Supplemen- 
tary Figures S2-S4). The HA (Additional file 1: Supple- 
mentary Figure S4) and NA genes belonged to the Ha 
cluster, which is one of the two distinct human-like 
Thai SIV clusters existing within the human H3N2 
lineages [19]. NP and NS (Additional file 1: Supplemen- 
tary Figure S3) genes belonged to Cla which is a differ- 
ent cluster from Clb formed by Thai isolates within a 
classical swine lineage [19]. The remaining genes were 
clustered in an ALa sub-cluster of Eurasian avian-like 
SIVs (Table 2). 

Serologic results of farms surveyed in this study 

In the analysis of sero-reactivities of the collected serum 
against the HI subtype, different reactivities were 
observed between the ELISA and HI tests (Table 3). 
Positive rate in the ELISA was equal or higher than that 
obtained for the HI tests with 4 different antigens in 
most of the cases. For the serum collected from sows in 
Farm B in June 2008, however, positive rates against 
Cla, Clb and Iowa were higher than those with the 
ELISA. Also, for the serum collected in Farm E in Janu- 
ary 2009, higher rates were observed with Cla, Clb and 
Iowa as the antigens. Positive reactions against the 
HINlpdm antigen were observed in Farms C and E 
even before the virus appeared in the human population. 
However, it seemed that those reactions were most 
likely due to cross-reactions with the antigen, since the 



Table 3 Number of seropositive pigs HI swine influenza viruses by commercial H1N1 Swine influenza virus ELISA test and HI test in different farms and different 
age group 



Farm 


Group 




Jun.-Jul. 2008 








Oct.-Nov. 2008 










Jan. 2009 










Jul. 


2009 










Nov. 2009 










ELISA 3 


Hl b 




n c 


ELISA 






HI 




n 


ELISA 






HI 




n 


ELISA 






HI 




n 


ELISA 






HI 




n 








Cla Clb Iowa 


Pdm 






Cla 


Clb 


Iowa 


Pdm 






Cla 


Clb 


Iowa 


Pdm 






Cla 


Clb 


Iowa 


Pdm 






Cla 


Clb 


Iowa 


Pdm 




B 


Sow 


6 


9 10 7 


0 


10 


3 


2 


1 


1 


0 


10 


3 


2 


3 


1 


0 


10 


7 


1 


3 


3 


1 


10 


6 


3 


6 


2 


3 


10 




Fattening pig 










3 


2 


4 


0 


0 


10 


1 


0 


0 


0 


0 


10 


6 


2 


4 


0 


0 


10 


0 


0 


0 


0 


0 


10 




Weaned pig 


4 


1 2 1 


0 


20 


4 


3 


1 


0 


0 


10 


2 


3 


0 


0 


0 


10 s 


2 


0 


0 


0 


0 


10 


0 


0 


0 


0 


0 


lCf 




Introduced 
pig 


































0 


0 


0 


0 


0 


10 


0 


0 


0 


0 


0 


10 


C 


Sow 


8 


6 6 4 


3 


10 


9 


8 


6 


6 


5 


10 


9 


7 


7 


5 


1 


10 


7 


4 


3 


4 


1 


10 


10 


9 


9 


9 


6 


10 




Fattening pig 


1 


1 0 0 


0 


10 


2 


1 


0 


0 


0 


10 


5 


2 


0 


0 


0 


10 


7 


0 


2 


0 


0 


10 


1 


0 


0 


0 


0 


10 




Weaned pig 


1 


0 0 0 


0 
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a Sample to positive (S/P) ratios were calculated using the optical density (OD) of each sample, positive control and negative control. The S/P ratios greater than 0.40 were considered as positive for antibodies againts 
H1N1 SIVs 

b Samples showing HI activity at 1:40 or higher were considered as positve againts antigens A/swine/Ratchaburi/NIAH550/2003(H1N1)(Cla), A/swine/Ratchaburi/NIAH101942/2008(H1N1)(Clb), A/swine/lowal/15/1930 (H1N1) 

(Iowa) and A/swine/Saraburi/NIAH1 12226-24/2009 (H1N1pdm)(Pdm) 

c Number of serums collected 

d Samples were not collected 

''The groups from which H1N1 SIVs were isolated 
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positive rates were always less than those against other 
antigens except in Farm D where HlNlpdmv was 
indeed isolated (Table 3). 

In Farms B and C, some sows were always seropositive 
against HI antigens whereas fattening and weaned pigs 
in Farm B did not show any positivity towards the HI 
antigens in November 2009 (Table 3). Pigs introduced 
at the age of 8 weeks in Farm B did not show positivity 
towards any of the HI antigens in July 2009 and 
November 2009. In Farm C, weaned pigs did not show 
any positivity towards the HI antigens from October 
2008 to November 2009. In contrast, pigs introduced in 
Farm C from 5 to 6 months of age in July 2009 and 
November 2009 showed positivity towards the HI 
antigens. 

In Farms D and F, no pig positive for the HI antigens 
used was found until July 2009 (Table 3). All sera from 
sows collected in Farm D in November 2009 were posi- 
tive in the HI test with Sarall6627-24 (HlNlpdmv). At 
that time, 8 out of 10 fattening pigs and 1 out of 10 
weaned piglets were also positive towards HlNlpdmv in 
Farm D. 



In Farm E, the number of seropositive pigs apparently 
increased in January 2009 in all the groups (Table 3). 
Although only one or two sows were positive towards 
classical HI before 2009, 3 to 5 out of 8 sows showed 
positivity in the ELISA and HI tests in January 2009. At 
that time, 9 out of 10 fattening pigs were positive 
towards Cla and Clb, and 3 of them were positive in the 
ELISA and HI test using Iowa. In addition, more than 4 
weaned piglets were positive towards Cla, Clb and Iowa 
at the same time. Three pigs introduced at the age of 1 
year at 1 day prior to the sampling in January 2009 
were serologically negative towards classical HI SI Vs. 

Clear contrast was seen in the reactivity of the serum 
against Ha and Hb viruses in the HI tests of the H3 
subtype (Table 4). Seropositive pigs against the Hb virus 
were found in Farm C only, whereas pigs positive 
towards the Ha virus were found in Farms B, D, E and 
F and they were negative towards the Hb virus. No sig- 
nificant correlation between the reactivity with the 
ELISA and Ha or Hb viruses was seen, since in several 
occasions only positives towards the ELISA were 
observed. 



Table 4 Number of seropositive pigs against H3 swine influenza viruses by commercial H3N2 Swine influenza virus 
ELISA test and HI test in different farms and different age groups 
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a Sample to positve (S/P) ratios were calculated using the optical density (OD) of each sample, positive control and negative control. The S/P rations greater than 
0.40 were considered as positive for antibodies against H3N2 SIVs 

b Samples showing HI activity at 1:40 or higher were considered as positive against antigens A/swine/Saraburi107725-28/2008 (H3N2) (Ha) and A/swine/ 

Chachoengsao/2003 (H3N2) (Hb) 

c Number of serums collected 

d Samples were not collected 

e The groups from which H3N2 SIVs were isolated 



Takemae et al. Virology Journal 201 1, 8:537 
http://www.virologyj.eom/content/8/1/537 



Page 8 of 1 1 



In Farms B, C and E, as seen for the HI serology, 
sows were positive towards the H3 antigens in all occa- 
sions, whereas fattening and weaned pigs in Farm B 
were negative in November 2009 (Table 4). Fattening 
and weaned pigs were negative at all occasions in Farm 
C. In Farm E, the tests were negative in June 2008. A 
few sows were found positive by ELISA twice during the 
surveillance in Farm D. In Farm F, sows were positive 
on three occasions by ELISA and/or the HI test with 
the Ha antigen and one weaned pig was positive by 
ELISA in October 2008. 

Discussion 

The mechanisms of SIV introduction in farrow-to-finish 
pig farms in Thailand have not been well studied. In 
this study, we conducted a longitudinal surveillance in 
farrow-to-finish pig farms located in the central part of 
Thailand to develop a proper strategy for SIV surveil- 
lance. We found that young pigs, in particular, piglets at 
the age of 8 weeks or younger could be the target ani- 
mals to isolate SIVs circulating in farms. Seroprevalence 
against SIVs in fattening pigs was evidence that SIV 
infection did occur within farms, while results of a phy- 
logenetical analysis suggested that farm-to-farm trans- 
mission had occurred. In addition, a discrepancy 
between the HI test and ELISA suggested the possibility 
that the sub-lineages of HI and H3 SIVs that have not 
yet been isolated may be circulating in the Thai pig 
population. Thus, information obtained in this study 
would be useful for conducting SIV surveillances in far- 
row-to-finish farms. 

In this study, SIVs were most frequently isolated from 
weaned piglets aged 4 and 8 weeks. Previous findings 
also pointed out that the majority of SIV infections take 
place in piglets aged under 10 weeks [25]. Weaned pig- 
lets are considered to be susceptible to SIVs because the 
concentration of the maternal antibodies against SIVs in 
the serum declines with age in piglets [26], and the half 
life of antibodies against HI and H3 SIVs was estimated 
to be 12 days [25]. The high density of pigs in piggeries 
and large size herds is a contributing factor to the high 
SIV prevalence rates in fattening pigs and sows [27,28]. 
Thus, gathering of weaned piglets in one nursery 
together with other piglets farrowed from different sows 
is another likely factor contributing to the high isolation 
rate in weaned piglets in farrow-to-finish farms. 

Dissemination of the SIV of a particular genotype was 
suggested based on the fact that the H1N1 SIVs isolated 
from Farms A and B shared a common ancestor. Pigs 
and other materials were not transferred between farms 
and moreover, the farms were separated geographically 
by more than 100 km, suggesting that SIVs have spread 
extensively in Thailand. The introduction of pigs carry- 
ing SIVs is one of the most likely factors for viral 



dissemination among farms [1]. The isolation of 
Saral09713-36 from a pig introduced to Farm B may 
have originated from the farm from which this pig was 
introduced. At the same time, there remains a possibility 
that the pig was infected after being introduced to the 
farm, because the affected pig was introduced into Farm 
B 4 days prior to the sampling date. A period of 4 days 
is known to be enough for pigs to start virus shedding 
after experimental infection [29]. The other pigs intro- 
duced earlier than the affected pig were also in the same 
quarantined piggery, although they were separated into 
different compartments. In addition, there were no regu- 
lations for the movement of humans between piggeries 
(quarantine piggery, breeding/farrowing sites, weaned 
sites and fattening sites) in that farm. 

Serological analysis revealed that the detection of anti- 
bodies against SIVs in fattening pigs could be an indica- 
tor of SIV infection in a farrow-to-finish farm. Maternal 
antibodies declined in fattening pigs aged 3 to 4 months 
[26,30]. In addition, fattening pigs were replaced with 
neonatal pigs at each sampling in this study. Thus, fluc- 
tuations in the seropositive rate observed in fattening 
pigs indicated that SIV infection occurred prior to each 
sampling. On the other hand, neither the antibodies 
found in serum of weaned piglets nor those in sows 
could be used as an indicator of the recent SIV occur- 
rence in a farm. Serological tests cannot distinguish 
maternal antibodies from those due to SIV infection. 
Sows are kept in a farm for more than a few years and 
antibodies against classical HI SIVs in a pig are known 
to last up to more than 1 year after the primary infec- 
tion [29]. Thus, detection of the antibodies cannot indi- 
cate a recent infection of the sows. In farms such as 
Farms B and C where gilts are frequently introduced, it 
is not clear whether the seropositive sow was infected 
with SIVs before or after it was introduced into the 
farm. 

The presence of seropositive fattening pigs in Farms C 
and E suggested SIV infection, however, no SIV was iso- 
lated. Sero-positive reaction was always observed against 
HI SIVs in fattening pigs in Farm C, and an apparent 
increase in the number of fattening pigs seropositive 
against HI SIVs was observed in January 2009 in Farm 
E. The reason why SIVs were not isolated in these farms 
may be explained by the fact that SIVs could circulate 
continuously in those farms with a prevalence rate 
lower than the detection limit rate in our sampling 
numbers. Sows were suggested to be a reservoir for con- 
tinuous circulation of some respiratory pathogens (eg. 
Actinobacillus pleuropneumoniae, Porcine Circovirus 
type-2, SIVs) in a farm. Antibodies against those patho- 
gens were detected at high rates in the sow population 
in a farm [31]. Indeed, sows showed the highest seropo- 
sitive rate in most samplings among the 4 groups 
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examined in this study, suggesting the possibility that 
sows are repeatedly infected with SIVs during their 4 to 
5 years of stay on a farm. Frequent introduction of pigs 
into a farm, such as Farm C, could also allow viral entry 
into the fattening pig population. In addition, movement 
of people/materials between farms could also be a possi- 
ble route of entry of SIVs as was the case in Farm E 
where pigs were seldom introduced. Thus, further inves- 
tigation is necessary to elucidate the mechanism of SIV 
persistence in farms. 

Serological analysis suggested that SIVs belonging to 
unidentified sub-lineages within classical HI and 
human-like H3 viruses likely exist in the Thai pig popu- 
lation. HI tests using various antigens revealed that anti- 
genicity of the antigens within the subtypes in both HI 
and H3 can vary. IDEXX ELISA often detected antibo- 
dies in serum samples that showed up negative in the 
HI tests. The antigens selected for use in the HI tests of 
this study represented SIVs circulating in Thailand 
according to our previous study [19]. The ELISA test 
appeared to detect antibodies that could not be detected 
by the HI tests with the antigens used. This suggests 
that viruses possessing antigenicities different from 
those of the SIVs used in this study may be circulating 
in the Thai pig population. 

HINlpdmv infection in pigs in Thailand was detected 
in Farm D during our longitudinal monitoring. Direct 
human to pig transmission was suspected as was the 
case in pig farms in other countries [13,32], because the 
affected farm had not introduced pigs since 2004. Based 
on the serological results, there is the possibility that 
HINlpdmv was first introduced into sows before 
November 2009, and it then spread to fattening pigs 
and piglets within the farm. In Thailand, the number of 
confirmed human cases of HINlpdmv infection 
increased from 8,800 to 28,300 from the end of June to 
October 2009 [33]. Until July 3, 2009, the affected farm 
was shown to be free of HINlpdmv by retrospective 
serological analysis. Remarkably, no significant clinical 
symptom was observed in the piglets carrying the virus 
at the time of swab collection, which is unlike other 
HINlpdmv infections in pigs that have been reported 
along with respiratory symptoms [13,32]. Therefore, the 
actual number of HINlpdmv cases in the pig popula- 
tion may be much higher than that reported worldwide. 
According to the OIE weekly diseases information, up 
to March 2011, HINlpdmv infection in pigs had been 
reported in 21 countries/districts [34]. Emergence of 
reassortants with HINlpdmv and other SIVs in pigs 
could be a threat to public health [35,36]. In addition, 
transmission of HINlpdmv from humans to pigs could 
have caused the amino acid changes in the HA, NA, M 
and NP genes, suggesting the possibility of a significant 
impact on viral evolution [37]. Thus, to minimize the 



risk of HINlpdmv infection in pigs, extensive bio-secur- 
ity protocols for farms need to be considered. 

Many researchers have pointed out the importance of 
monitoring SIVs because pigs have the potential role as 
a mixing vessel for influenza viruses [1,4]. To date, 
highly pathogenic H5N1 avian influenza viruses have 
been isolated sporadically in China [38] and Indonesia 
[39]. H9N2 viruses that infect not only poultry but also 
humans [40,41] were isolated from pigs from 1998 to 
2007 in China. Under such circumstances, it is impor- 
tant that knowledge on the occurrence of SIVs in farms 
be deepened. The information obtained in this study 
could be useful to develop a strategy for SIV surveil- 
lance not only in Thailand but also in other countries, 
since the farrow-to-finish production system is com- 
monly conducted worldwide. Crucial factors that deter- 
mine the persistence and infection of SIVs in farms 
remain unclear. Further studies on SIVs in farms are 
needed in order to prevent economical losses caused by 
these viruses, and to prevent the emergence of novel 
viruses with the potential to cause pandemics in 
humans. 

Conclusions 

In the present study, we conducted SIV surveillance in 6 
farrow-to-finish farms in the central part of Thailand 
from 2008 to 2009. Twelve SIVs including 10 H1N1 and 
2 H3N2 subtypes were isolated from 731 nasal swabs. 
All of the SIVs were isolated solely from young pigs 
aged from 4 to 12 weeks in the farrow-to-finish farms 
surveyed. Meanwhile, from the serological analyses, the 
seroprevalence against SIVs observed in fattening pigs 
showed evidence of recent SIV occurrence even in the 
farms where no SIVs had been isolated. Thus, these two 
findings could be potent tools for conducting SIV sur- 
veillances in farrow-to-finish farms. 

Additional material 

f N 

Additional file 1: Supplementary figure SI; Supplementary figure 
S2; Supplementary figure S3; Supplementary figure S4 



List of Abbreviations 

SIV: Swine influenza virus; SAa2,6Gal: Sialic acid linked to galactose by a2,6 
linkage; SAa2,3Gal: Sialic acid linked to galactose by a2,3 linkage; HINlpdm: 
pandemic (HI Nl) 2009; HI test: hemagglutination inhibition test; TCID 50 : 50% 
tissue culture infective dose; Ratl01942: A/swine/Ratchaburi/NIAH10l942/ 
2008 (HI Nl); Sara 100761 -22: A/swine Saraburi/NIAH100761-22/2009 (H1N1); 
Saral 16625-11: A/swine/Saraburi/NIAHl 1 6625-1 1/2009 (HI Nl); Saral 16627- 
24: A/swine/Saraburi/NIAH1 16627-24/2009 (HINT); Saral 07725-28: A/swine/ 
Saraburi/NIAH 107725-28/2008 (H3N2); Sara 1 0971 3-36: A/swine/Saraburi/ 
NIAH109713-36/2009 (H3N2) 

Acknowledgements 

This work was supported by a program of the Founding Research Center for 
Emerging and Reemerging Infectious Diseases launched by a project 



Takemae et al. Virology Journal 201 1, 8:537 
http://www.virologyj.eom/content/8/1/537 



Page 1 0 of 1 1 



commissioned by the Ministry of Education, Culture, Sports, Science, and 
Technology (MEXT) of Japan. 

Author details 

'Thailand-Japan Zoonotic Diseases Collaboration Center, Kasetklang, 
Chatuchak, Bangkok 10900, Thailand. 2 Research Team for Zoonotic Diseases, 
National Institute of Animal Health, National Agriculture and Food Research 
Organization (NARO), 3-1-5 Kannondai, Tsukuba, Ibaraki 305-0856, Japan. 
3 National Institute of Animal Health, Kasetklang, Chatuchak, Bangkok, 10900, 
Thailand. 

Authors' contributions 

NT, YH, TH and YU carried out virus isolation from the specimens. NT carried 
out genetical and serological analyses. SP and RR coordinated the pig farm 
visits. All authors participated in the sampling specimens at the farms. NT 
and TS designed the study and draft the manuscript. All authors read and 
approved the final manuscript. 

Competing interests 

The authors declare that they have no competing interests. 

Received: 2 August 2011 Accepted: 14 December 2011 
Published: 14 December 201 1 

References 

1. Olsen CW, Brown IH, Easterday BC, Van Reeth K: Swine influenza. In 
Diseases of swine.. 9 edition. Edited by: Straw DJ, Zimmerman JJ, d'Alaaire S. 
Taylor DJ Oxford: Blackwell Publishing; 2006:469-482. 

2. Thacker E, Janke B: Swine influenza virus: zoonotic potential and 
vaccination strategies for the control of avian and swine influenzas. J 
Infect Dis 2008, 197:(Supple l):19-24. 

3. Loeffen WLA, Kamp EM, Stockhofe-Zurwieden N, van Nieuwstadt AP, 
Bongers JH, Hunneman WA, Elbers AR, Baars J, Nell T, van Zijderveld FG: 
Survey of infectious agents involved in acute respiratory disease in 
finishing pigs. Vet Rec 1999, 145:123-129. 

4. Webster R, Bean W, Gorman O, Chambers T, Kawaoka Y: Evolution and 
ecology of influenza a viruses. Microbiol Rev 1992, 56:152-179. 

5. Kida H, Ito T, Yasuda J, Shimizu Y, Itakura C, Shortridge KF, Kawaoka Y, 
Webster RG: Potential for transmission of avian influenza viruses to pigs. 
J Gen Virol 1994, 75:2183-2188. 

6. Ito T, Suzuki Y, Mitnaul L, Vines A, Kida H, Kawaoka Y: Receptor specificity 
of influenza a viruses correlates with the agglutination of erythrocytes 
from different animal species. Virology 1997, 227:493-499. 

7. Sriwilaijaroen N, Kondo S, Yagi H, Takemae N, Saito T, Hiramatsu H, Kato K, 
Suzuki Y: N-glycans from porcine trachea and lung: predominant 
NeuAca2-6Gal could be a selective pressure for influenza variants in 
favor of human-type receptor. PLOS One 201 1, 6:el6302. 

8. Peiris JSM, Poon LLM, Guan Y: Emergence of a novel swine-origin 
influenza a virus (S-OIV) H1N1 virus in humans. J Clin Virol 2009, 
45:169-173. 

9. Vijaykrishna D, Poon LLM, Zhu HC, Ma SK, Li OTW, Cheung CL, Smith GJD, 
Peiris JSM, Guan Y: Reassortment of Pandemic H1N1/2009 Influenza a 
Virus in Swine. Science 2010, 328:1529. 

10. Vincent AL, Ma W, Lager KM, Janke BH, Richt JA: Chapter 3 swine influenza 
viruses: A north American perspective. In Advances in Virus Research. 
Volume 72. Edited by: Maramorosch K, Shatkin AJ, Murphy FA. Burlington: 
Academic Press: 2008:127-154. 

11. Lorusso A, Vincent AL, Harland ML, Alt D, Bayles DO, Swenson SL, 
Gramer MR, Russell CA, Smith DJ, Lager KM, Lewis NS: Genetic and 
antigenic characterization of HI influenza viruses from United States 
swine from 2008. J Gen Virol 201 1, 92:919-930. 

12. Lee C, Kang B, Kim H, Park S, Park B, Jung K, Song D: Phylogenetic analysis 
of swine influenza viruses recently isolated in Korea. Virus Genes 2008, 
37:168-176. 

1 3. Howden KJ, Brockhoff EJ, Caya FD, McLeod LJ, Lavoie M, Ing JD, 
Bystrom JM, Alexandersen S, Pasick JM, Berhane Y, et al: An investigation 
into human pandemic influenza virus (H1N1) 2009 on an Alberta swine 
farm. Can Vet J 2009, 50:1153-1161. 

14. Pereda A, Cappuccio J, Quiroga MA, Baumeister E, Insarralde L, Ibar M, 
Sanguinetti R, Cannilla ML, Franzese D, Escobar COE, et al: Pandemic 



(H1N1) 2009 Outbreak on Pig Farm, Argentina. Emerg Infect Dis 2010, 
16:304-307. 

15. Song M-S, Lee JH, Pascua PNQ, Baek YH, Kwon H-i, Park KJ, Choi H-W, 
Shin Y-K, Song J-Y, Kim C-J, Choi Y-K: Evidence of human-to-swine 
transmission of the pandemic (HI N 1 ) 2009 influenza virus in South 
Korea. J Clin Microbiol 48:3204-321 1. 

16. Berhane Y, Ojkic D, Neufeld J, Leith M, Hisanaga T, Kehler H, Ferencz A, 
Wojcinski H, Cottam-Birt C, Suderman M, et al: Molecular characterization 
of pandemic H1N1 influenza viruses isolated from Turkeys and 
pathogenicity of a human pHlNI isolate in Turkeys. Avian Diseases 2010, 
54:1275-1285. 

17. Mathieu C, Moreno V, Retamal P, Gonzalez A, Rivera A, Fuller J, Jara C, 
Lecocq C, Rojas M, Garcia A, ef al: Pandemic (H1N1) 2009 in breeding 
turkeys, Valparaiso, Chile. Emerg Infect Dis 2010, 16:709-711. 

18. FAO: FAOSTAT data.[http://faostat.fao.org/]. 

19. Takemae N, Parchariyanon S, Damrongwatanapokin S, Uchida Y, 
Ruttanapumma R, Watanabe C, Yamaguchi S, Saito T: Genetic diversity of 
swine influenza viruses isolated from pigs during 2000 to 2005 in 
Thailand. Influenza Other Respi Viruses 2008, 2:181-189. 

20. Komadina N, Roque V, Thawatsupha P, Rimando-Magalong J, Waicharoen S, 
Bomasang E, Sawanpanyalert P, Rivera M, lannello P, Hurt A, Barr I: Genetic 
analysis of two influenza a (HI) swine viruses isolated from humans in 
Thailand and the Philippines. Virus Genes 2007, 35:161-165. 

21. Thrusfield M: Veterinary Epidemiology. Oxford: Blackwell Science Ltd;, 2 
1995. 

22. Takemae N, Ruttanapumma R, Parchariyanon S, Yoneyama S, Hayashi T, 
Hiramatsu H, Sriwilaijaroen N, Uchida Y, Kondo S, Yagi H, et al: Alterations 
in receptor binding properties of swine influenza viruses of HI subtype 
after isolation in embryonated chicken eggs. J Gen Virol 2010, 91:938-948. 

23. Lee M-S, Chang P-C, Shien J-H, Cheng M-C, Shieh HK: Identification and 
subtyping of avian influenza viruses by reverse transcription-PCR. J Virol 
Methods 2001, 97:13-22. 

24. Ngo LT, Hiromoto Y, Pham V, Le HT, Nguyen HT, Le VT, Takemae N, Saito T: 
Isolation of novel triple-reassortant swine H3N2 influenza viruses 
possessing the hemagglutinin and neuraminidase genes of a seasonal 
influenza virus in Vietnam in 2010. Influenza Other Respi Viruses 201 1, DOI: 
1 0.1 1 1 1/j.1 750-2659.201 1 .00267.x. 

25. Loeffen WLA, Nodelijk G, Heinen PP, van Leengoed LAMG, Hunneman WA, 
Verheijden JHM: Estimating the incidence of influenza-virus infections in 
Dutch weaned piglets using blood samples from a cross-sectional study. 
Vet Microbiol 2003, 91:295-308. 

26. de Boer GF, Back W, Osterhaus AD: An ELISA for detection of antibodies 
against influenza a nucleoprotein in humans and various animal species. 
Arch Virol 1990, 115:47-61. 

27. Poljak Z, Dewey CE, Martin SW, Christensen J, Carman S, Friendship RM: 
Prevalence of and risk factors for influenza in southern Ontario swine 
herds in 2001 and 2003. Can J Vet Res 2008, 72:7-17. 

28. Maes D, Deluyker H, Verdonck M, Castryck F, Miry C, Vrijens B, de Kruif A: 
Herd factors associated with the seroprevalences of four major 
respiratory pathogens in slaughter pigs from farrow-to-finish pig herds. 
Vet Res 2000, 31:313-327. 

29. Renshaw HW: Influence of antibody-mediated immune suppression on 
clinical, viral, and immune responses to swine influenza infection. Am J 
Vet Res 1975, 36:5-13. 

30. Fleck R, Behrens A: Evaluation of a maternal antibody decay curve for 
H1N1 swine influenza virus using the hemagglutination inhibition and 
the IDEXX ELISA tests. American Association Of Swine Veterinarians 2002, , :: 
109-110. 

31. Fablet C, Marois C, Kuntz-Simon G, Rose N, Dorenlor V, Eono F, Eveno E, 
Jolly JP, Le Devendec L, Tocqueville V, et al: Longitudinal study of 
respiratory infection patterns of breeding sows in five farrow-to-finish 
herds. Vet Microbiol 2011, 147:329-339. 

32. Moreno A, Di Trani L, Alborali L, Vaccari G, Barbieri I, Falcone E, Sozzi E, 
Puzelli S, Ferri G, Cordioli P: First pandemic H1N1 outbreak from a pig 
farm in Italy. Virol J 2010, 5:52-56. 

33. Bureau of Emerging Infectious Diseases, Thailand: Current situation- 
Pandemic 2009 (H1N1) (in Thai).[http://beid.ddc.moph.go.th/th/index.php? 
option=com_content&task=view&id = 1 784902&ltemid = 240]. 

34. OIE: OIE Weekly Disease Information. [http://web.oie.int/wahis/public.php? 
page=weekly_report_index&admin = 0]. 



Takemae et al. Virology Journal 201 1, 8:537 
http://www.virologyj.eom/content/8/1/537 



Page 11 of 1 1 



35. Schrauwen EJ, Herfst S, Chutinimitkul S, Bestebroer TM, Rimmelzwaan GF, 
Osterhaus AD, Kuiken T, Fouchier RA: Possible increased pathogenicity of 
pandemic (H1N1) 2009 influenza virus upon reassortment. Emerg Infect 
Dis 2011, 17:200-208. 

36. Zeng H, Pappas C, Katz JM, Tumpey TM: The 2009 pandemic H1N1 and 
triple-reassortant swine H1N1 influenza viruses replicate efficiently but 
elicit an attenuated inflammatory response in polarized human 
bronchial epithelial cells. J Virol 201 1, 85:686-696. 

37. Weingartl HM, Berhane Y, Hisanaga T, Neufeld J, Kehler H, Emburry-Hyatt C, 
Hooper-McGreevy K, Kasloff S, Dalman B, Bystrom J, et al: Genetic and 
pathobiologic characterization of pandemic HINT 2009 influenza viruses 
from a naturally infected swine herd. J Virol 2010, 84:2245-2256. 

38. Shi WF, Gibbs MJ, Zhang YZ, Zhang Z, Zhao XM, Jin X, Zhu CD, Yang MF, 
Yang NN, Cui YJ, Ji L: Genetic analysis of four porcine avian influenza 
viruses isolated from Shandong, China. Arch Virol 2008, 153:21 1-217. 

39. Takano R, Nidom C, Kiso M, (vluramoto Y, Yamada S, Shinya K, Sakai- 
Tagawa Y, Kawaoka Y: A comparison of the pathogenicity of avian and 
swine H5N1 influenza viruses in Indonesia. Arch Virol 2009, 154:677-681. 

40. Peiris (VI, Yuen KY, Leung CW, Chan KH, Ip PLS, Lai RWM, Orr WK, 
Shortridge KF: Human infection with influenza H9N2. The Lancet 1 999, 
354:916-917. 

41. Saito T, Lim W, Suzuki T, Suzuki Y, Kida H, Nishimura S-l, Tashiro M: 
Characterization of a human H9N2 influenza virus isolated in Hong 
Kong. Vaccine 2001, 20:125-133. 

' \ 

doi:1 0.1 186/1 743-422X-8-537 

Cite this article as: Takemae ef al.: Swine influenza virus infection in 
different age groups of pigs in farrow-to-finish farms in Thailand. 

Virology Journal 201 1 8:537. 



Submit your next manuscript to BioMed Central 
and take full advantage of: 

• Convenient online submission 

• Thorough peer review 

• No space constraints or color figure charges 

• Immediate publication on acceptance 

• Inclusion in PubMed, CAS, Scopus and Google Scholar 

• Research which is freely available for redistribution 



Submit your manuscript at S~\ RioM _j Central 

www.biomedcentral.com/submit \ J Blomea central 



